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SYNBURN - -
A FAST-REACTOR FUEL-CYCLE PROGRAM

by

P. A. Pizzica and D. A. Meneley

ABSTRACT

The SYNBURN computer program for fast reactors will calculate
all the neutronics necessary to completely characterize the equi-
librium cycle as well as the startup to equilibrium cycles. The
program's run time is very short and this makes the program suitable
for survey of parametric studies. It can search on the cycle time
for a specified burnup, for the shim control necessary for criticality
as well as feed enrichments and the enrichment ratio among core zones.
SYNBURN synthesizes in a very simple fashion the one-dimensional
fluxes in radial and axial geometry to achieve an approximate two-
dimensional solution which agrees very well with the exact two-
dimensional solution when measuring regional integrated quantities.






I. INTRODUCTION

The SYNBURN code was written to provide rapid, approximate two-dimension-
al solutions in r-z geometry for fuel cycle analyses of fast breeder reactors.
It can also compute a one-dimensional solution in slab, cylindrical or spher-
ical geometry. A complete equilibrium cycle calculation can be done, and an
arbitrary number of cycles can be calculated with any specified loading as in
a startup to equilibrium situation.

There is a great potential savings in computer time as compared to an
exact two-dimensional calculation as will be shown in Section VI, This model
is intended only for survey and parametric studies. Where much depends upon
the precision of each detail of the computation, SYNBURN cannot be relied
upon. However, the code can calculate reasonably well quantities which rep-
resent averages over reactor regions such as core enrichments, breeding ratios
or average core and blanket loadings.

The flux solution method is exactly that of the AIM-5(1) and MacH1(2)
codes. The burn matrix routines were taken directly from the CYCLE-1(3) code.
The basic model is taken from that described in Ref. 4, as developed for the
ARC system at ANL.

The storage limitations of the program are as follows. A maximum of
20 regions is allowed in any one-dimensional flux solution. Therefore 400
regions would be allowed in a two-dimensional computation (However, the core
cannot be divided axially.). Scatter-reloading can be accounted for explicit-
ly in a one-dimensional problem. A maximum of 10 refueling cycles is allowed
as the life of a fuel subassembly. Any problem is limited to 20 different
isotopes. Some or all of these 20 isotopes may appear in each region. Twenty-
six energy groups are allowed, 15 downscatter groups and 150 mesh points in
any one-dimensional flux solution. Full downscatter is allowed for hydrogen.

Real time accounting and constant-power normalization are used in the
burn calculation. The at-power interval may be subdivided into 10 sub-steps.
Either direct solution or exponential series expansion may be selected for
the burn matrix. Region-averaged group fluxes at the beginning of each sub-
interval are used in forming matrix elements. The matrix elements are assumed
constant over each sub-interval. The structure of the burn matrix is limited
to two independent five-member reaction chains plus a single lumped fission
product. There is no allowance for region-dependent active isotope cross-
sections.

Available search options are as follows. The cycle time may be adjusted
so that the discharge burnup of the most burned fuel batch, averaged over
specific regions, reaches a prescribed value or the length of the cycle may
remain fixed. The system may or may not have an adjustable control concen-
tration. If it does not, core enrichments are computed such that the system
is just critical at the end of the cycle (and probably a noncritical system
will exist at the beginning of the cycle). If there is shim control this
will be adjusted along with fresh fuel enrichments to achieve a system which
is just critical at the end of the substep during which the reactivity is at
a minimum, usually the end of the cycle. The shim control at all other points
in the cycle will be adjusted to achieve criticality. The ratios of enrich-
ments between core zones may also be adjusted to bring the peak power in
different core zones into agreement.



II. MULTIGROUP DIFFUSION SOLUTION*

The basis of the static neutronics model is the one-dimensional flux
solution of the AIM(1) series as applied to the MACH1(2) program at ANL. Foc
energy group j, this may be written as:

1
D,V24, - L .+ S + =3 =0 1)
37905 7 Ee 505 T 5,3 TR g, ¢
-1
D. - diffusion coefficient = = nmcm (cm)
3 3 = tr,]
nm - atom density of isotope m (nuclei/cm3 X 102“)
O?r i microscopic transport cross-—section (cm?/102% nuclei)
3
¢j ~ one—~dimensional neutron flux (n/cmz—sec)
Zt i - total removal cross-section (cm™ 1)
’
= D.B? + g I F B b Bl R R , - 2L ol
ij jrk c,j T “£,3 7 “pyd | “asd  “n?m,j n?n,j>j
B§ - trasverse leakage correction (buckling) (cm™2)
Z'+k - elastic plus inelastic transfer cross-section from group j to
J group k (em™1)
= 2 nmc?+k
m
L . - (n,y) cross-section = z nmcm : (cm'l)
C,y] C,]
m
. . - (n,f) cross-section = z e g (em™ 1)
f£,] -4 £,]
Zar=—l(n cross-section = e L
o (n,p) ctio g n op,j (cm™ %)
e tion = M 1
o] (n,0) cross section ; n Oa,j (em™ %)

*Much of the material for the flux solution part of this section was takep
from Ref. 2.



: 3 m m -]
i (n,2n) cross section = ) n GnZn,j (em™4)
ZnZn .,. = (n,2n) transfer cross-section from group j to
»J73 group j (em™1)
S . - scattering source = z L, .0 + 2 z T ) (cm™?)
S,J k<i k>j 'k K< n“n,k>j "k
K - effective multiplication factor
S - i i = . .
£, fission source xj E vsz,k¢k (n/cc-sec)
Xj - fission neutron emission spectrum
; e ; 5 m m m
szf,k - total neutrons emitted per fission in group k = % n vkcf,k

The finite-difference approximations to the diffusion term at space point
i are:

d¢, ... — ¢.
1 : i+l i-1
e |, 20 (2)
8
and
o 5 _ N - 1A -

where N = 0 for slabs, N = 1 for cylinders, and N = 2 for spheres.

In spherical geometry, trapezoidal integration of functions of the form
£2¢(£) leads to large errors near the origin. All such integrals in the code
are corrected by the first-order error term of the trapezoidal rule.

The reactor is divided into regions in which D;, B%, all Zx,j’ V4 and
Xf,j are constant. All material constants are nonlinear functions of time
through coupling with the isotopic change equations.

Downscatter due to hydrogen is treated by the method described by
H., H. Hummel.® The scattering source into group j from all groups k above j
in energy is then calculated from:



SH 2 Zrem’ k¢k (4)

S’j j k<j Ek

f
where Iyem is the removal cross section and Ep is the lower energy bounguo
group k. To preserve neutron balance, the AEj for the lowest energy group

is set equal to Ej—

1

At interfaces between regions, the usual flux and current continuity
conditions are satisfied using the gradient approximation given by Eq. (?)'
The arrangement of the difference scheme requires that each region contain at
least two mesh intervals,

Three boundary conditions are available at each of the inner and outer

boundaries. The general expression is:

A SB e =" 0, (5)

The options are as follows:

[+5)
b
]
o
=
]

1 (zero gradient);

o
>
]

o
=
I

0 (zero flux);
c. A=1, B = wj (homogeneous mixed) ;

where wj is the linear extrapolation length; it is negative at inner bounda-
ries and positive at outer boundaries.

The linear extrapolation lengths of option C may either be input by the
user or calculated by the code, according to the equations given by
E. R. Cohen.! These are simple interpolative formulas which have been fitted
to most of the available data for black cylinders and spheres, The equations
for extrapolation length on external surfaces are correct at zero radius and
at infinite radius; however, the midrange dependence is not based on any de-—
tailed calculations (see Ref. 1). For practical radii (>10 cm), the calcula-
tion value is very near to the asymptote at infinite radius.

With the input conditions, the calculation proceeds from the reactor
outer boundary to the inner boundary, starting with the highest energy group.
After the sweep through all groups is completed, a new fission source is cal-
culated from the resultant fluxes. This source is then normalized to a total
of one fission neutron in the reactor in the direction of calculation; that
is, no integration is carried out over the transverse direction in slab or
cylindrical geometry. That is,

fission-source integral =

[Eouter

Y upmed sl =100y (6)
: A S 9 3¢



In slab geometry, this source integral has dimensions of n/(cmz—sec); in
cylindrical geometry, its dimensions are n/(cm?sec); in spherical geometry,
they are n/sec.

For the first two iterations, the new normalized source distribution is
used to calculate fluxes in the following iteration. In the third and sub-
sequent iterations, the starting source at a point for the following iteration
is obtained by linear extrapolation from the two previous iterations. The
equation is:

' = =
Sf,z+1 Sf,z + ez(sf,z Sf,k-l) L

Sf o= the normalized resultant source from iteration %,
2
Sf,2+1 = the source guess for iteration #+1,

=0 -2

g = il 02

2

and
B9 = the source extrapolation factor 0 < 65 < 1.

S%’£+1 will not be extrapolated to a negative value. If a negative value
is found, it is replaced by zero.

The flux solution iterations are continued until their fixed limit is
exceeded or until

< iz (8)

where e is input by the user.

The one-dimensional options of SYNBURN use these equations directly. A
crude synthesis approximation is employed in the two-dimensional rz model
which uses a combination of one-dimensional flux solutions in slab and cylin-
drical geometry.

The r-z reactor model is divided into successive annular rings designated
as '"channels." A one-dimensional axial solution is obtained in each of these
channels using a buckling approximation to the radial leakage. The single
radial solution uses a buckling approximation to the axial leakage.

A schematic of the radial (r) and one of the channel (z) calculation
models is shown in Fig. 1. Given some guess of the axial buckling B% i for
each channel, a radial flux solution is found. These fluxes are used’to
compute the first guess of the radial bucklings for insertion in the channel
solution, by the expression,
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Fig. 1. Schematic of Channel Calculation.
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f V24, dr
J
T . WL S
r,]
J ¢j dr . (9)

The integration range is the channel width of channel I.

These radial bucklings are then used in the channel T calculation, but
are only appropriate for zone Z1, The main weakness of the model lies, of
course, in these transverse leakage approximations, which are known to be at
least somewhat inconsistent, (e.g., Ref. 2, Appendix C). Application of the
Br,' to represent radial leakage in zonmes Z2, Z3, and Z4 is not usually
advisable, particularly (as is often the case) if some of them are negative.
The reason is that if one of these zones contains a composition with absorp-
tion to leakage balance very different than that of Z1, (in which the Bi,j
were calculated) anomalous results will very likely be obtained from the
channel solution. Numerically, this results from very small or negative
Zt,j values appearing in Eq. (1) for some j.

In place of the Bi :» the SYNBURN model usually uses radial buckling
values input by the user” for_all zones other than the Z1 zone although the
option exists of using the Br,j in any of the Z zones which the user specifies.
If zone Z1 is a core zone and zones Z2, Z3 and Z4 are axial blanket and re—
flector zones, it is not advisable to use the Br,j from Z1 for the reasons
already stated. However, more reasonable results may very well be produced
by using the Z1 B%,j in zone Z2 if Z1 is the part of the radial blanket ad-
jacent to the core and Z2 is the upper radial blanket adjacent to axial
blanket zones since the absorption to leakage balance is similar (if different)
and user-specified B%’j would, in many cases, be a worse approximation to the
transverse leakage. It follows from the preceeding that the Br,j in the axial
reflector zones must also be treated separately.

The next iterate of the radial solution uses axial bucklings Bi,j
obtained from Eq. (9), with the range extending over zone Z1. This iterative
process continues until either other parameters such as cycle time and core
enrichment have reached their desired values or until an upper bound on the
number of iterations, fixed by the user, is reached. The radial-axial itera-
tive procedure actually used is complicated by the coupling to the isotopic
change equations, the existence of fuel management, a possibly varying cycle
time and core enrichment and shim control adjustments. In addition, these
solutions must be obtained at several time points in the cycle.

Flux normalization is obtained by normalizing to the same average power
in ‘zone Z1 in both radial and channel calculations, This results in a mis-
match of average fluxes in some groups. Absolute normalization of power is
obtained by integration over all channels.

In order to obtain an expression for the total reactor power in a syn-
thesis problem, given both a radial and an axial flux distribution, the power
distribution, P(r,z), is assumed to be a separable function of r and z:



Plrs=) = A = Q(r) + T(2) (10)

T ...
where A is some normalization factor. Thus the total power P, 1s:

j J P(r,z) dr dz
T - z r

3.1 x 1010 fissions/watt-second

A . j T (z) dz f Q. (r) dr} it
E { z s reR E

3.1 x 101V fissions/watt-second

(11)

where A is the flux normalization factor to be solved for, C is ?W time? ghe
core height, and PT is the total power in watts. The summation is carrie

out over all radial regions R because TR(z) and QR(r) are variant with R.
Thus for each R:

R
Q(r) dr = } Te s f ré, (r) dr 12
JreR R i £,] reR 3 B

and l
Z.
THICREE]

JZ TR(z) dz = (13)

where the summation in the numerator of the expression for Tgp is over every
axial region Z in the channel corresponding to the radial region R, ¢j(r) is
integrated over region Z, and Zf . is the macroscopic fission cross section
for region R and group j; the Zo’lndex means the axial region which

ed in the radial problem and thus may mean the lower radial blanket
channels,

is includ-
in some

In any particular radial flux normalization, the f TR(z) dz for each

z
radial region R and for each time point are either as input (on the first

radial pass) or are calculated during the slab problems for the subsequent
radial problems on the next radial pass.

In order to normalize fluxes in the slab calculations in a synthesis
problem, the normalized average fission density, FD, is taken from the radial
problem for the core or the radial blanket, as the case may be, and for the
proper time point, and then the average fission density (unnormalized) ob-~

tained from the slab problem for the core or radial blanket is assumed to be
the same:



T W | Zf,j . ¢j (14)

where Z) refers to either a core or a radial blanket zone, A is the flux
normalization factor for which we are solving, and ¢ is the axial region-
averaged flux in Z; for group j.

In order to normalize fluxes in a one-dimensional problem, Eq. (11) is
again solved to obtain the flux normalization factor A, only now all the

IZTR(Z) dz = 1. Let R refer to any slab, cylinder, or sphere regions, and,

of course, 25 QR(r) dr and C will take on new definitions according to

geometry. In slab geometry,

PHYSICAL

c - f QrE) dr . = Y ijf ¢j(r) dr + N7R2
reR | 2 (15)

where N = 1 for nonreflective slabs and N = 2 for reflective slabs; and in
cylindrical geometry,

R
C - J Q. (r) dr = z )3 .J r¢.(r) dr « 27H
- R 3 core (16)

as before, and for spheres,

R
C - J @ryede =0 ) X .J r2 ¢.(r) dr + 47 (17)
reR > £s] J

As can be seen, this synthesis method must be used very carefully, and
its value depends to some extent upon the existence of a more correct model
against which to check the results. Such a model is REBUS,4,© developed as
part of the ARC system at ANL to compute fuel cycle parameters using a true
two-dimensional flux solution., Results of a comparison between REBUS and
SYNBURN are given in Section VI.

ITI, SOLUTION OF THE ISOTOPIC CHANGE EQUATIONS*

The fluxes from the diffusion-theory calculation are used to obtain
regional one-group effective cross sections for use in the isotopic change

*The material in this section was taken mainly from Ref. 3.
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part of the calculation., The spatial group~dependent fluxes are first.:On b
averaged to obtain regional average fluxes ¢(j,R) for group j and regl
For cylinders,

(iR = e » 8
Ep SR

and for slabs,

T
J R ¢(j,r) dr

G o

and for spheres,

R
3fr rz(p(j sr) dr

$(irR) = R"; - (20)
Ep. = fpa

where rg is the outer radius for region R, and where ®(4,r) is the point-
dependent flux for group j in region R.

The integrals are evaluated by trapezoidal integration. For example,

el
TR 1 "
fr r¢(j,r) dr = Ap EW}R—IQ(J’rR—l) + rRQ(J,rR)] it z rée(j,r)
R- =
1 rR_1+AR

(21)

where Ap is the spatial interval width for region R given simply by rp-rp_)
divided by the number of spatial intervals in region R.

The ¢(j,R) are used to collapse the microscopic capture and fission cross

sections 0% and c%(j) for isotope i and group j. These are given by
J i J i
Z o () 9(,R) Z o (1)¢(3,R)
<a >R - i=1 i=1
< <> (22)
R

J
PIEKICR
j=1
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and

J :
2 0 () e(,R)
A )
<of> = (23)
<¢>R

where J denotes the number of energy groups and <¢>R is the effective one-
group flux for region R. The bracket is used to denote regional effective
one-group values.

The isotopic changg calculation is based on the regional effective one-
group cross sections <oi>p and <o%>R. In the following, to simplify notation,
the brackets and regional subscript will be eliminated. Twelve isotopes are
considered in the long-term isotopic change calculation. These are 238y,
239py, 240py, 241py 242py 2321 233y, 234y, 235y, 236y, fission product
pairs, and a burnable poison, numbered respectively 1 through 12. The isotopic
change equations can be written in matrix form as:

nl [;Al 0 0 0 0 0 0 0 0 0 0 0 nl
n? G R S SRR R T R 0 0 n?
=3 0 g2 A3 @ 0 0 0 0 0 0 0 0 n3
n* 0 0 c3 -A* o0 0 0 0 0 0 0 0 n't
nd 0 0 0 ct -AS 0 0 0 0 0 0 0 n®
%; Eot | R G S g S g e Y Ry gl @ 0 0 af|(24
n? (I LN S o S e 0 0 nf
n8 0 0 0 0 0 0 c?7 -A% o0 0 0 0 n8
n? 0 0 0 0 0 0 0 c8 -A% o0 0 0 n?
nl0 0 0 0 0 0 0 0 0 c? -Al0 o o nl0
il Fl F2 p3 g4+ §F5 F6 F7 F8 FI Fl0 o o  gll
nl2 0 0 0 0 0 0 0 0 0 0 0 -Al2 gpl2
e — -

i, . - : :
where n” is the atomic density for isotope i and

o= fr d(A) dxr (25)
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is the integrated flux-time. Also, Al = U% + 0%: ¢t = Ui’ and F* = ot
24lpy g - decay is included. We also note that the U-Pu chain is broke. a
242py, and the Th-U chain at 236y, Also, fission products are not lOSt’.Cally
fission product which captures a neutron is assumed to lead to a neutroni
equivalent fission product.

n at

One may write the previous Eq. (24) symbolically as

d_ = ; 26
e O I VBRI COR 6k

The final and initial atomic densities, Nf and Ni’ are related by the
matrix (Bf),

(Nf) = (Bf) g (Ni) > (27)

where the elements of (B_.) are obtained from the analytic solution of the
coupled differential equations (24). The form of (Bf) is given by:

— =
Bj) 0 0 0 0 0 0 0 0 0 0 0
Trgmae oo S g 0 0 0 0 0 0 0 0 0
Bsn | By Bag O 0 0 0 0 0 0 0 0
By’  Byg By By, 0 0 0 0 0 0 0 o0
Bs; Bsy Bsy Bsy Bgss O 0 0 0 0 0 0
@) = |o 0 0 0 0 Bep. O 0 0 0 0 0
0 0 0 0 0 BB D 0 0 0 0
0 0 0 0 0 Bgs Bagy - Baptpao 0 0 0
0 0 0 0 0 Bog  Bagl . Bog s SBog @ 0 0
0 0 0 0 0 Bio,6 Bio,7 Bio,s Bio,9 Bio,50 O O
Bix 1 Biige Biiys Baygw Brigs Buys Bingz Burow 'Brages S lnieit 0
0 0 0 0 0 0 0 0 0 0 0  Biz,12

A few of the elements of (B) are given below to illustrate

; the structure of
the solution.

By; = El

cl 121
Bpy = 2T E
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1c2
. l¢? pa1 , _CIC2 og

A21431 Al2y 52 (29)
2
B32 = Q_E32
A32
Byy = E3
where
E- = exp (-A* - T)
g3t = exp (A1 * T) — exp (—AJ G )
At = At - A

It is clear from Eq. (29) that there exists the possibility of accidental
cancellation of cross sections with consequent indeterminacy of the elements
of (B). Another possibility is that inaccuracies may arise due to round-off
errors.,

An alternate series solution to Eqs. (24) or (26) is possible which
avoids these problems. Symbolically, this alternate solution can be written:

2
W = {exp [t = D1}« ) = {D + 1 00 +50 - 2+ .} O,

The series in the curly bracket is equivalent to the matrix (Bf). The series
method may be bothersome in the case where many terms are required for con-
vergence, as for example in systems requiring large values for t or having
large values for some of the elements of (M).

If one considers the average over 1 of the atomic densities, then the
average values:

T
w) = = fo ™ a (31)
will be related to the initial values by the matrix (Ba),

™) = BN, (32)
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to the analytic solution

i f (B,) are due
where, as in Eq. (27) the elements of (Bg) 5 Shh el dintion

for the average atomic densities. Again, alternative
can be used and is given by:

wy = [r - oo ¢ fexp [+ D] - D} ()
= {(1) + '%T . M + %%- < M2 o+ ...} . (Ni)

(33)

Again, (Ba) is given by the series in the curly bracket.

er may designate that either the ana-

lytic method or the series method be used. In the latter case, two possibil-
ities exist in the event that more terms in the series are required than are
allowed by the program. In one case, the analytic method will be used fo?
those regions in which the series limit is exceeded. In the other case, if
the series limit is exceeded for any region during running of the problem,
analytic method is used for the remainder of the problem. The "final'" or
"average' solutions will be obtained automatically by the code, depending upon
the part of the program which is involved.

By means of an input option, the us

the

The series expressions for (Bf) and (By) given in the curly brackets of
Eqs. (30) and (33) respectively are evaluated out to and including the matrix:

(ANEXT) = g—f ()8 (34)

for the case of (Bf) and out to and including the matrix

7
(ANEXT) = %T )7 (35)

for the case of (Ba)' The code then evaluates,

BERROR = )  |(ANEXT) | . o @36)
i mn

If BERROR = BEPS, the solution is converged, and the elements of the matrix
(B) are set equal to the elements of the matrix evaluated by the series. If
BERROR > BEPS, the next matrix in the series is evaluated, and the test is
repeated. If convergence is not obtained when the series contains the matrix

15
ek 15
5T M
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in the case of (Bf), or the matrix

14
i facd 14
1 (0

5

for the case of (B_), then, depending on the option used, either the analytic
method is used for the remainder of the problem, or it is used for the region
where the series solution failed, and then the series solution is tried on
the region, or the series will continue until convergence.

IV, PROCEDURE FOR SOLVING THE EQUILIBRIUM PROBLEM

It will be helpful first to define certain terms as an aid in describing
regional and subassembly compositions as a function of time. The problem is
to develop an indexing system which will permit location of each discrete
fuel element in space over the whole period during which it is in the reactor.
It may be loaded into the core at a particular position and irradiated for
some fixed cycle time in a flux which is determined by the interaction of
all the fuel elements in the core, as well as by control shifts. After this
initial "burn," the element may or may not be repositioned in space. In any
case, if any of the fuel in the core is moved, charged, or discharged, the
irradiation rate will undergo a discontinuous change at the so-called
"shuffling step." After several burn-shuffle sequences, the element is
discharged from the system.

The spatial movement of fuel elements is constrained by requirements of
volume preservation., Whenever elements are shuffled (repositioned) in
space, other elements of equal volume must be removed from their position
and inserted in other locations, or discharged, and others must be moved
to occupy the space vacated by the original fuel elements. This linked series
of motions is the basis of the indexing system,

A first index for each of these fuel elements is given the name "material."
A material consists of all the fuel elements in the reactor at a particular
time, which are linked by a single shuffling sequence or "path,'" The individ-
ual fuel elements, the '"material-stages,'" are identified by the second index.
This second index is 1 for a fuel element which has just been charged into the
core, 2 for an element which has been shuffled once, and so on up to the max-
imum stage index, after which the fuel element is discharged. A third index,
the "region," is used to locate each material-stage in space. A region is the
volume over which the average fluxes are computed in obtaining the fuel burnup.
A region in a cylindrical model may be an annular ring containing a number of
fuel elements of different composition and burnup history, Thus several dif-
ferent material-stages may be assigned to a single region, with the constraint
that the sum of the volumes of all material-stages in a region equals the
volume of the region.

A particular application of the method is illustrated in Fig. 2, a plan
view of a 37-subassembly core. The subassemblies marked "A" are to be charged
into ring 4, shuffled to ring 3, then 2, and discharged. The "B" subassemblies
are to be charged into ring 3, moved to 4, and then to ring 1, at every other
burn step. Similar patterns apply to materials "C" and "D". Table I shows
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Fig. 2. Example of Loading and
Fuel Shuffling Pattern

TABLE I. Example of Indexing System Defining In—core Fuel Motions

SUBASSEMBLIES STAGE 1 2 3 4
MATERIAL PER STAGE REGION
A 6 4 3 2
B 1 3 4 1
c 3 4 4 4 3
D 1 3 3=g 4
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the input indexing system for this core, assuming that it is to be computed
as a four-region annular system in one-dimensional cylindrical geometry.
Material-stage and region volumes are defined separately.

In the case of equilibrium problems, this indexing system is extremely
useful. Since by definition the fueling and shuffling are held constant, the
material-stages present in the core at any time can be considered as different
phases of the burnup history of a single fuel lump. This greatly simplifies
the equilibrium cycle computation for scatter-refueled cores. It is obvious
that material shuffling cannot occur in a two-dimensional problem since
SYNBURN cannot compute all fluxes in all regions axially and radially simul-
taneously. Full allowance is made, however, for material shuffling in one-
dimensional problems,

In order to form regional atom densities, the region residence data for
the stages of each material must be defined, as well as information about the
poison and diluent in the core. Region-averaged compositions are formed as
follows:

R _ Al il Reyls Rk ot
R JER vy V/V)+NP’1 x+ND’i (1 - %) (37)

where NR is the region-averaged atom density for region R and isotope i, NJ
is the atom density for the material-stage j, vJ is the volume of materlal—
stage j, and VR is the volume of region R, What is meant by the summation of
all j belonging to R is that only those materlal -stages j which reside in R

will contribute their NJ to NE Ng . and N . are the poison and diluent atom

densities, respectlvely, input by tﬁe user for region R and isotope i (all
those regional isotopes not specified by the user are set to zero by the code),
and x is the factor which is determined by the code to compute the precise
poison and diluent concentrations at each time point.

The condition of equilibrium will first be described and then it will be
explained how the code attempts to approximate this condition. When the reac-
tor attains equilibrium, successive cycles are characterized by identical
reactor behavior. A cycle is, of course, the time between two successive
shutdowns., If a critical system is to be maintained at all times, an enrich-
ment of the charge fraction and a minimum control concentration consistent with
this enrichment are necessary. The equilibrium cycle time must be such that
the required burnup in the discharge fraction is obtained given a fixed reactor
power level.

It might be best at this point to consider an example. Suppose there is
an equilibrium cycle time of 200 days and a core with one enrichment zone
which is refueled in thirds and one radial blanket zone which is refueled in
sixths, Thus, at the start of a cycle, one-third of the core is unburned,
one-third is one-third burned, and one-third is two-thirds burned. And at the
end of the cycle, the residence time for the third fraction will be 600 days.
Similarly, in the blanket, at the beginning of life, one-sixth is fresh, one-
sixth is one-sixth burned, and so on, and the last sixth is five-sixths burned.
The last stage will have resided in the blanket for 1200 days when it is dis-
charged at the end of cycle. Equilibrium is defined in this system as that
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set of reactor conditions which produces identical compositions, fluxes, etg’
for the same point in all successive cycles. This means that the fresh fee
fraction will be the same at each shutdown and also that the discharge fra?—
tion in each region at each shutdown is identical with the discharge f?actﬁoz
from the previous shutdown. What is implied in the previous senten?e 1S.t a
the enrichment (control) and the flux variation over the cycle are identical
to the variation over the previous cycle.

The following is a brief description of each step in the solution of a
synthesis problem, including an explanation of the techniques emp%oyed, the
simplifying assumptions made, and the parameters which are held le?d- L2
should be obvious from this description how a one-dimensional solution proceeds.

Besides data about the geometry, the user specifies the total reactor
power level, either a fixed transverse leakage or a starting guess for it,
either a fixed burn time or a required average burnup, an initial guess or
a fixed value for the relative power production in the axial blanket and
upper radial blanket zones, relative amounts of control and diluent in the
core, inactive isotope concentrations and the number of stages for each mater-
ial, and, in order to calculate the active isotopes, the fuel volume fraction
and the isotopic distribution are given for each material as well as the ratio
of enrichments between core zones in a multi-zoned core, unless this is to be
determined by the power-shape optimization option.

Since the user only provides information for the stage one atom densities,
these densities are loaded into all stages, and region-homogenized atom den-
sities are formed on this basis with the full amount of diluent and no poison
in the system. The flux distribution computed for these compositions is used
to burn the stage one densities for a time equal to N - 1 multiplied by the
burn time (as input) to form stage N. With the new compositions, a new flux
distribution is computed. These fluxes are used to burn the system to the end
of the input cycle time, where a new k-effective is computed. If the difference
between the two k-effectives indicates a decrease, the difference is the amount
above one to which an uncontrolled enrichment search is made. If the k-effec-
tive increases, the search is made to a k-effective of one. The user also has
the option of specifying an unpoisoned beginning-of-cycle k-effective to which
to search, At this point the cycle time is adjusted, based on the average dis-
charge burnup obtained from the above approximation to the end-of-cycle compo-
sitions. The user specifies a certain discharge fractional burnup averaged
over a number of specified materials. Burnup is defined as

Yy FP, .V,
I, 2
Y HA, -V
ieM ©

i

where i is the material within the group of specified materials M, FP; is the
fission product pairs concentration in the discharge fraction of material i,
HA; is the total charge fuel concentration for material i, and Vi is the sub-
assembly volume for material i.
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Beginning-of-cycle compositions are again formed, and a search is done
with no control in the system on the enrichment in the first stages to the
desired k-effective., There is more involved, however, than merely altering
the enrichment of the first stage, because when the first stage is altered,
the higher stages must obviously be changed as well. This, of course, re-
quires some fluxes at which to burn the first stage. During the enrichment
search, these fluxes are taken from the previous pass to form new higher-
stage compositions for the new stage one enrichments after starting the search
with some arbitrary fluxes (actually these are the end-of-cycle fluxes gener-—
ated above). There is yet another factor involved. One ought ideally to take
into account the effects of the alteration of the higher-stage compositions
and their effect on the flux distribution. In other words, every time the
enrichment of the first stage is altered, the higher stages formed are not the
correct compositions, since the fluxes used to generate them were computed on
the basis of the old stage one enrichment. Therefore, what one ideally ought
to do is to iterate a few times on the beginning-of-cycle fluxes every time
the enrichment is altered. That is, the higher-stage densities should be
computed as above and then new region-homogenized atom densities and thus new
fluxes should be formed with which to form new higher-stage densities, and so
on for an arbitrary number of times. But this technique would be useless be-
cause there are other factors which limit the accuracy of predicting these
beginning-of-cycle higher-stage compositions. First, in the first enrichment
search, there is no means of introducing the time variance of the flux, as
there is in subsequent searches (this will be discussed later) and second, the
control distribution will only be approximate because of its effects on the
higher stages. However, this iterative' process as described above is, to a
certain extent, included in the actual enrichment search, if one can assume
that the convergence criterion on the search is reasonably tight.

At the completion of the search, the system is supercritical (unless the
search was to a k-effective of one) with no control, and now a search is done,
given the relative amounts of control in the core zone as input, to add poi-
son (and remove diluent, of course, which was in the core in the full amount,
as specified by the input during the enrichment search) until a critical sys-
tem is attained. Now presumably the flux distribution has been altered, and
again the effects on the higher-stage compositions must be considered. There-
fore, with the fluxes from the converged control search, new higher-stage
densities are formed, and with the new composition, a new set of fluxes is
calculated. The system is probably not quite critical at this point, but pre-
sumably this approximation to the beginning-of-cycle system is not so bad as
to require another enrichment search.

If the user so specifies it, after the enrichment search at the beginning-
of-cycle at each radial pass, the ratio of core enrichments (in a multi-zoned
core) is altered to match peak power in each zone.

The last flux distribution computed above is used to burn the system over
the first time step. At this point, the control in the core is adjusted to
restore criticality. The fluxes from the converged control search are then
used to burn the system over the next time step. Control is then adjusted
again at the end of the step to again restore criticality. The process is
repeated until the end of the cycle, where the final control search is done.
If, at the end of any step in the cycle, a critical system cannot be obtained
even after all the poison available has been removed, the fluxes from the
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om—
off-critical system are used to burn over the next step, and fluxes are C

puted at all subsequent time points with no control in the sysFem and are
used to burn the system over the next time step. In a SytheSIS problem, )
group— and region-dependent bucklings in the radial direction, as Well as 5
normalized average power for each region, are calculated at each time poin

for use in the slab problems following.

ed here concerning the representation of
Two things are fixed by the user in the

input. These are the relative distribution of the control among the regl?ns
of the core and also the amount of diluent relative to the poison. That is,
the user inputs atom densities for both the poison and diluent, and these

densities correspond to the same volume fraction. Therefore, if the atom

density of poison in region R is represented by x * N%,i’ where NP,i is the

user's input concentration of poison for isotope i and region R and x is some

factor determined by the code (which is not region-dependent, but is time-

dependent as control varies over the cycle), then the diluent atom de?sity is

represented by (1-x) ° N% i’ where N% i is the user's input atom density for
bl

the isotope i of the diluent in regioﬁ R. It is clear that ideally the code
should determine a value for x which is at a maximum of one and at a minimum
of zero over the cycle. The user, however, will probably find it difficult

to even come close to such values for Np and Np. Thus, if the input Np is,
say, twice as great as the maximum determined to be necessary by the code (its
minimum is, of course, zero), then there will be Np as a maximum diluent con-
centration and .5 * N as a minimum. And if Np is half the amount required,
then the poison varies from 2 « Np to zero, and the diluent varies from -Np

to Np. The negative sign can have one of two effects: it can subtract the
Np concentration from the constant concentration input in the inactive isotopes,
or it can show up as a negative concentration if there is no constant density
for the particular isotope. The negative value for N can be eliminated in
two ways. One is by guessing a large control volume fraction to begin with,
if some reasonable upper bound can be determined, or the user can elect to
specify only Np and Np will be set to zero by the code.

A word of explanation is requir
poison and diluent in the reactor.

It should be noted that during this first radial problem, the transverse
bucklings for each group, region, and time point, and the power increment fac-
tors for each region and time point used are, of course, those input by the
user. Therefore, the results from this first set of problems cannot be any
better than these input parameters.

At the end of the cycle, the beginning-of-cycle control volume fraction
is adjusted according to what the value is at end-of-cycle if there is any
control left in the system. That is, the beginning-of-cycle volume fraction
is adjusted such that there is no poison (actually the code requires for
convergence that the minimum amount of poison in the system lie between zero
and 2 + ¢ * Np, where € is the convergence criterion input by the user) at
end-of-cycle., The preceding applies if the unpoisoned system k-effective is
consistently decreasing over the cycle. However, if it is determined that the
unpoisoned k-effective is increasing over all or part of the cycle, the time
point at which the unpoisoned k-effective (or the control volume fraction) is
at a minimum is determined, and the beginning-of-cycle volume fraction ig
adjusted according to the amount of the difference. If, during any search over

the cycle, there is not enough control available so that its removal will
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restore criticality, then the adjustment of the initial control volume frac-
tion is determined by the difference between the system k-effective and one.
Also at the end-of-cycle, the cycle time is adjusted based upon the average
of the discharge burnups in the specified materials.

Next, 4 number of slab calculations are done, one for each radial region
where it is specified to do so. In each slab problem, the transverse bucklings
can be supplied from any or all of three sources, The group-, region-, and
time-dependent radial bucklings from the previous radial problem are, of
course, used in the core and radial blanket regions adjacent to the core in
the respective slab problems. And, in an upper radial blanket region, these
bucklings are usually from the lower radial blanket zone corresponding to it.
In the axial blanket zones, the user will want to specify some arbitrary values
for the transverse bucklings, and in the axial reflector zones, the blanket
transverse bucklings may be used, or the leakage may be set to zero. In each
slab calculation, the fluxes are normalized by equating the normalized average
power in the zone which was included in the radial problem to the unnormalized
average power calculated in the slab problem.

The main problem in calculating the isotopic change over the cycle for
these slab problems is obtaining a beginning-of-cycle composition. The first
stage in core zones where an enrichment search was done is obtained from the
result of the enrichment search in radial geometry and the first stages in the
core regions where no enrichment search was done, and in the radial blanket
zones, the stage one is as input., The higher stages in the core and radial
blanket zones could conceivably be taken from the radial problem, but due to
procedural difficulties, this is not done., Also, to obtain the higher stages
in all the slab regions, omne could conceivably (after the first set of slab
problems) save the time-dependent average fluxes from the previous set of slab
problems and use these to burn the stage ones; but, again due to procedural
difficulties, this is not done. Instead, another method was used. The results
from this method were entirely satisfactory and seemed to bear out the presump-
tion that there was little to be gained by surmounting the procedural diffi-
culties referred to above. In every slab calculation, in order to obtain the
beginning-of-cycle composition, every region is first loaded with the stage
one densities, and the flux distribution produced is used to burn these first
stages to form the higher stage. Next, the new region compositions obtained
with the new higher stages are used to form new fluxes, which are used to form
new higher stages, and so on. Altogether there are four repetitions of this
procedure; i.e., a flux computation, together with a recalculation of the
higher stages, is done four times in the beginning of each slab problem. A
fifth flux distribution is then computed, and this is used to burn the system
over the first time step. At the end of the time step, new fluxes are calcu-
lated and used in turn to burn over the subsequent time step; and this is
repeated until the end-of-cycle, where the last flux calculation is done.

In those slab problems where it is applicable, the control density (which
is a function of time) is taken from the radial problem, and in axial blanket
zones above those core zones which have control in them, the maximum amount
of control which the corresponding core zone contained during the cycle may
be placed into these zones at the user's option. With respect to the radial
problems, the significance of the slab problems is that better approximations
are made for the axial bucklings which are group-, region-, and time-dependent
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and for the fraction of total power generated in the axial blanket and uppef
radial blanket as a function of time. It should be noted here that, in radial
regions where no slab problems are done, the transverse bucklings and the
power increment factors are those input by the user. Procedurally, ?l} sub-
sequent slab calculations are identical to the first. The user speclf}es a
maximum number for the number of sets of slab problems done, and if this num=
ber is zero, none will be done until the edit pass.

After these slab calculations are completed, the second set of radial
problems is begun. The second and subsequent radial passes are identical
procedurally with the first (of course, it uses the new axial bucklings a?d
power distributions computed in the slab problems), except in the manner 1n
which the higher-stage densities are computed. To start the second radial
burn, the resultant enrichment from the enrichment search on the previous
radial pass is used to compute the stage one compositions. Now the time-
dependent average fluxes computed during the previous radial pass are used to
burn these stage one densities to form the higher stages. Region-homogenized
compositions are thus formed, and a flux distribution is calculated. The
enrichment of the first stage is here altered on the basis of the system
k-effective obtained. At this point in the enrichment search, after this
first flux calculation, the method of computing the higher stages is changed.
Instead of directly using the fluxes calculated on the previous radial pass,
now the beginning-of-cycle fluxes computed above are used along with the pre-
vious fluxes to compute a new set of time-dependent fluxes. To be more pre-
cise, exactly what is obtained from the previous radial pass is one-group
region-averaged fluxes and one-group collapsed regional cross sections. These
values are, of course, time-dependent. Now the cross sections are used pre-—
cisely as they are on all subsequent enrichment search passes, but the fluxes
are updated as follows: it is assumed that the ratio between the new time-
dependent fluxes will be the same as the ratio of the ones from the last pass,
and therefore we take the initial one-group fluxes computed above and update
them with the ratios of the one-group fluxes from the last pass. For example,
since we already have the beginning-of-cycle fluxes, we form the new one-group
fluxes for each region at the second time point by multiplying these first
time-point fluxes by the ratio of the old time-point two fluxes for the region
to the old time-point one fluxes for the region. Thus, although we are using
the same collapsed cross sections, we have created an updated set of one-group
fluxes for each region. These updated fluxes and the old cross sections are
used to form the higher-stage densities, and a new k-effective is computed.
Again, the stage one densities are altered, and now the new higher stages are
formed by updating the new fluxes, and the process continues to convergence.

The code defines convergence as a direct result of two factors: a stable
burn time which produces the required burnup (if one is specified) and a core
feed enrichment which produces the minimum amount of control necessary. Con-
vergence is indirectly a result of three other factors, but the reason that
this distinction is made here is that the solution is defined as complete
when these two criteria are satisfied (along with one other criterion, which
is that a minimum of two radial passes must be completed). The flux values
as a function of time must be included in the convergence process as they will
affect the beginning-of-cycle composition. Two other factors involved in
convergence are the axial bucklings and the relative power production in the
axial blanket and corners. These are recalculated during each set of slab
problems for use in the succeeding radial calculation.
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In most problems, a set of slab calculations will be done after only
the first few radial problems, and not after all radial problems. Therefore,
in this case, '"convergence'" becomes easier to define, since the axial bucklings
and power splits provided by the slab problems will be held fixed at an arbi-
trary point in the solution, and then two of the five variables involved in
convergence are no longer changing. Therefore, in such problems, the solu-
tion will be determined relatively quickly after these first slab problems
are done; the burn time and core charge enrichment, as well as the time-
dependent fluxes, will stabilize, and convergence within the limits specified
will be achieved. When it is determined, at the end of a particular radial
problem, that the above criteria have been satisfied, one more radial problem
is done, and after that another set of slab calculations, and during these
calculations, a complete summary of reactor behavior is printed out. It
should be noted at this point, however, that the parameters printed out in the
last set of slab calculations will be slightly different from the parameters
that were computed in the second-to-last set of slab calculations. The rea-
son for this, of course, that the radial bucklings and other information used
in these new slab problems are not the same as those used by the previous
slab calculations,.

V. PROCEDURE FOR SOLVING THE STARTUP TO EQUILIBRIUM PROBLEM

The startup calculation is an extension of the equilibrium calculation.
The time between shutdowns is fixed and is the same as the final equilibrium
cycle time, The startup calculation will handle a variety of problems includ-
ing, for example, those where the fuel and the isotopic distribution must be
altered during startup. A routine exists which will optimize the power dis-—
tribution by altering the ratios of enrichments between core zones just as in
the equilibrium calculation. The computational methods which are applicable
to both problems are identical. For example, the calculation and use of time-
and-region-varying group dependent bucklings to represent the transverse
leakage and the method of normalizing the fluxes are the same in both calcu-
lations. The startup calculation is done in two dimensions via the synthesis
model and no option exists for doing a one-dimensional problem.

The axial bucklings and the power splits corresponding to equilibrium
beginning-of-cycle are used in the first startup cycle calculation. The rela-
tive variation of control (not the absolute volume fractions) over the equili-
brium cycle is used to compute control volume fractions during each startup
cycle.

To obtain the initial loading for startup, the composition in each core
zone is graded in N enrichments (where N is the number of stages in that zone)
and the isotopic distributions are specified as input. The ratios between
these enrichments within a given core zone are the same as the ratios between
the stages at the beginning of the equilibrium cycle. The radial blanket is
optionally loaded with a fixed composition or with enough 235y to produce the
same average power as in the equilibrium beginning-of-cycle for each radial
blanket zone. This amount of 235U is evenly distributed among the stages in
each zone.
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As initial approximations for the relative power produced in the axial

blanket and upper radial blanket and for the axial bucklings, the.valueﬁ
computed for the equilibrium beginning-of-cycle are used at all time p?lnts
for the first radial calculation since these equilibrium compositions 1n.the
axial blanket and upper radial blanket are the best approximation there 1s

to any point in the first startup cycle.

a flux calculation is done in radial geometry

and the burnup to mid-cycle is computed. With these first approximations to
the mid-cycle composition, another flux calculation is done. These fluxes

are used to burn the B.0.L. compositions again to mid-cycle. A k-effective
calculation is now done at mid-cycle with the mid-cycle control in the sys-
tem. The B.0.L. enrichments are now adjusted on the basis of this k-effec-
tive and the fluxes just calculated are used to burn the new B.O.L. composi-
tions to mid-cycle where a new k-effective is computed. The B.O.L. composi-
tions are again adjusted. The search on enrichment continues until criticality

With this initial loading,

is attained at mid-cycle.

On the basis of the final flux distribution calculated during the enrich-
ment search, the ratios of enrichment between core zones is adjusted to
optimize the power peaking. The ratios of enrichments between stages,
however, remains fixed. After this another enrichment search is done to ob-
tain a k-effective of one at mid-cycle. It is assumed that the power distri
bution is not altered significantly after the second enrichment search and
no further alteration of enrichment ratios is done here.

The system is now burned over the entire cycle using the last values
for the fluxes computed at mid-cycle. The control is varied over the cycle
and radial group-dependent bucklings for each region and time point are com-—
puted. Fluxes are normalized using the numbers for the relative power
generated in the axial blankets and upper radial blanket calculated during
the equilibrium cycle.

Next a series of slab calculations is done, one for each radial zone.
The initial axial blanket loading is specified as is the upper radial
blanket composition. Mid-cycle compositions are taken from the radial prob-
lem for those axial zones which were included in the radial calculation.
Bucklings are taken from the radial calculation and the average power from
the radial problem is used to normalize the fluxes in the slab calculations.
These compositions are used to compute a flux distribution which is a first
approximation to the mid-cycle conditions. These fluxes are used to burn
the B.0.L. compositions to mid-cycle where another flux distribution is
computed. Again these fluxes are used to burn the B.0.L. atom densities to
mid-cycle. This iterative procedure is carried on three times and the last
fluxes computed are used to burn the B.O.L. compositions over the entire
cycle. The bucklings and flux normalization factors for each time point are
taken from the radial calculation. And, at each time point, bucklings and
power splits are computed for the next radial calculation.

In order to utilize these better approximations to transverse leakage
values and power splits, another radial calculation is done as above using
these newly calculated parameters. After this, another set of axial calcu-
lations is done as above only now using the new radial bucklings and flux
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normalization computed in the second radial calculation. During these last
radial and axial calculations, a summary of reactor characteristics is printed
out in the same form as that for the equilibrium cycle. The preceding con-
stitutes the calculation for one cycle of startup.

The reactor is now reloaded with the specified fuel and distribution;
and the enrichment of the charge fraction in the core is varied until criti-
cality is achieved. The calculation for the second and subsequent cycles
proceeds as does the first with two exceptions: the axial bucklings and power
splits for the first radial calculation come from the last slab calculation
in the previous cycle; in order to optimize the power peaking, the ratio of
enrichments between only the charge fractions is varied, of course.

The code will continue the calculation for any number of cycles. The
fuel for the initial loading or the charge fraction may be specified in any
manner at all. For example, a reactor may be loaded initially and reloaded
with plutonium out to equilibrium or it may be loaded initially with 235y
and starting with the second cycle reloaded with plutonium out to equilibrium,
or, perhaps it is loaded initially with 23°U and reloaded for two more cycles
with 235U and then starting with the fourth cycle is reloaded with plutonium
and subsequent reloadings are the same. For each reloading as well as for
the initial loading the isotopic distribution is specified and thus may be
varied for any of these.

VI. RESULTS OF A COMPARISON WITH AN EXACT TWO-DIMENSIONAL SOLUTION

The following tables list the results of a comparison between results
obtained from REBUS® and SYNBURN, for an equilibrium cycle calculation.
Tables II through VIII give results of a comparison between SYNBURN and REBUS,
where the problem in REBUS was defined such that it approximated as closely
as possible the SYNBURN case, except, of course, for the true two-dimensional
flux solution differing from the synthesis method. This was supposed to check
the accuracy of the synthesis method while eliminating extraneous factors.
Thus three capabilities of REBUS were not used in this comparison. First,
region-dependent cross-sections were not used in the REBUS calculation. In
SYNBURN, the core cannot be divided axially (although the axial blanket can)
and using this feature of REBUS would have changed the results slightly.
Thirdly, the isotopic change equations in REBUS are much more compreh=rsive
than the ones in SYNBURN.

REBUS was run with only one burn step because it was thought that this
corresponded most closely with a SYNBURN calculation using two time steps,
since REBUS uses a flux averaged over the time step and SYNBURN uses only
the flux at the beginning of the step to burn over the step.

The REBUS execution took 28 minutes while SYNBURN took 21 seconds. Both
had the same geometrical divisions which are illustrated in Fig. 3. Both
used a fixed cycle time of 274 days. REBUS had better initial guesses for
both control volume fractions and core enrichments. Both had the same mesh
spacing and used the same 8-group cross-section set. In both cases 1 control
rod was smeared in region 1 and 12 control rods were smeared in region 5.
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sotopic Masses (in Kilograms)

TABLE II. Comparison of Core Charge 1
REBUS SYNBURN
242
Region 235y 238y 239p, 240py 24lpy shzpy 285y < @8Bp" 23%py 240p, 24lpy Pu
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5 195 212.9 36.6 10.4 5.5 1.3 1Ls 5 212.1 3708 10 . -
1 4.9 708.1 201.5 57.5 30/ 202
6 4.9 7120119912 56.8 29.9 7 . o e 25.1 6.0
Inner Core 6.6 957.9 164.8 46.9 24.7 559 6.6 954.6 166. 57-5 30-2 7-2
Outer Core 4.9 712.1 199.2 56.8 29.9 7.1 4.9 708.1 201.5 . . -
TABLE III. Comparison of Reactor Loading (in Kilograms)
Region 235y 238y 239y 240py 24lpy 242py F.P.
REBUS - BOC
Inner Core 15.1 2759.3 461.6 155.6 60.1 19.5 146.9
OQuter Core 11253 2080.5 543.2 180.0 a2 22.8 111.8
Axial Blanket 8.8 4946.2 127.6 6.1 0.2 = 272
Radial Blanket 31.2 16052.4 244.1 6.8 0] 1L - 41.0
SYNBURN - BOC
Inner Core 151 2652.7 465.8 156.7 61.1 19.6 145.1
Outer Core 12.3 2070.8 550.1 181.6 78.4 23.0 109.8
Axial Blanket 8.8 4952.2 12275 5.6 0.2 - 2515
Radial Blanket 31.0 16044.1 247.4 6.9 0.1 - 42.4
REBUS - EOC
Inner Core 16kt 2648.0 431.8 168.0 49.0 20.8 286.1
Outer Core 10.1 2025.4 494.0 188.0 66.5 24.0 217.6
Axial Blanket 7.9 4883.6 157257 9.8 0.3 - 41.5
Radial Blanket 29.5 15938.0 334.7 11.1 0212 - 61.8
SYNBURN - EOC
Inner Core 18252 2644.5 434.7 168.8 49.9 21.0 283.2
Outer Core 10.1 2018.1 500.6 189.4 67.8 24.2 213.6
Axial Blanket 8.0 4891.6 166.9 9.0 0.3 -— 39.0
Radial Blanket 29.4 15928.0 339.2 152 0.2 -— 63.8
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TABLE IV. Comparison of Power Fractions by Region
BOC EoC
Region REBUS SYNBURN REBUS SYNBURN
o 0.03433 0.03439 0.02912 0.02858
2 0.06807 0.06796 0.05738 0.05630
3 0.06573 0.06561 0.05660 0.05568
4 0.25511 0.25400 0.24033 0.23886
5 0.08980 0.09001 0.09849 0.09912
6 0.37857 0.37758 0.37519 0.37742
7 0.05834 0.05937 0.07710 0.07841
8 0.00245 0.00211 0.00298 0.00249
9 0.00469 0.00377 0.00575 0.00442
10 0.00451 0.00486 0.00560 0.00574
11 0.01549 0.01226 0.02035 0.01596
12 0.00528 0.00461 0.00733 0.00697
13 0.01164 0.01085 0.01579 0.01462
14 0.00598 0.00772 0.00798 0.00913
Inner Core 0.51304 051197 0.48192 0.47854
Outer Core 0.37857 0.37758 0.37519 0.37742
Axial Blanket 0.04406 0.03846 0.05780 0.05020
Radial Blanket 0.06432 0.06709 0.08508 0.08754
TABLE V. Comparison of Regional Conversion Ratios
BOC MOCa
Region REBUS SYNBURN REBUS SYNBURN
1 0.6864 0.6825 0.7139 0.7141
2 0.6863 0.6813 0.7132 0.7123
3 0.6883 0.6823 0.7146 07122
4 0.6745 0.6683 0.7002 0.6963
5 0.6533 0.6483 0.6835 0.6784
6 0.4348 0.4307 0.4583 0.4541
7 5.870 5.864 5.006 5.014
8 3.639 3.700 3.104 3.148
9 3.707 3.921 3.162 3.336
10 3751 3.424 3.201 2.917
11 4.240 4.593 3.615 3.911
12 4.756 4.931 4.057 4.206
s 6.286 6.390 5.374 5.463
14 14.691 13.562 12.809 11.836

aSince REBUS was run with one step, no MOC instantaneous conversion
ratios were available and EOC values were not requested, so the
REBUS values are averaged over the cycle and the SYNBURN values
are instantaneous MOC values.

TABLE VI. Atom 7% Burnup by Region — Discharge Fraction
Region REBUS SYNBURN

3 13.35 13752

2 13,19 13.35

3 12.87 12.98

4 11.61 140

5 9.96 9.60

6 10.58 10.39
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TABLE VII. Comparison of 238y, 239y, and Fission Product
Atom Densities ( X 102%4)
BOC
REBUS SYNBURN
Region 238y 239y F.P. 238y 239py F.P.

1 0.004843 0.0008050 0.0003029 0.004829 0.0008115 0.0003046

2 0.005654 0.0009400 0.0003488 0.005637 0.0009474 0.0003507

3 0.003773 0.0006280 0.0002263 0.003763 0.0006330 0.0002270

4 0.005693 0.0009484 0.0003041 0.005681 0.0009575 0.0003000

5 0.003822 0.0006379 0.0001724 0.003817 0.0006452 0.0001658
6 0.005150 0.001339 0.0002792 0.005127 0.001356 0.0002741

7 0.01331 0.0002834 0.00005539 0.01331 0.0002823 0.00005537
8 0.006042 0.0002159 0.00005969 0.006050 0.0002115 0.00005713
9 0.007057 0.0002473 0.00006697 0.007081 0.0002331 0.00005973
10 0.004790 0.0001627 0.00004312 0.004684 0.0001767 0.00005125
11 0.007109 0.0002156 0.00005096 0.007136 0.0001981 0.00004322
12 0.004765 0.0001269 0.00002694 0.004774 0.0001213 0.00002444
13 0.007216 0.0001418 0.00002389 0.007221 0.0001382 0.00002333
14 0.01354 0.00009977 0.000007706 0.01353 0.0001077 0.00001050

EOC
REBUS SYNBURN
Region 238y 239py F.P 238y 239py F.P

1 0.004608 0.0007438 0.0005979 0.004600 0.0007491 0.0005929
2 0.005381 0.0008690 0.0006901 0.005375 0.0008753 0.0006826
3 0.003596 0.0005821 0.0004463 0.003592 0.0005861 0.0004420
4 0.005469 0.0008871 0.0005903 0.005459 0.0008937 0.0005857
5 0.003707 0.0006037 0.0003246 0.003697 0.0006084 0.0003249
6 0.005020 0.001222 0.0005330 0.004996 0.001234 0.0005333
7 0.01317 0.0003836 0.00008237 0.01317 0.0003854 0.00008362
8 0.005928 0.0002900 0.00009153 0.005942 0.0002822 0.00008702
9 0.006928 0.0003323 0.0001026 0.006964 0.0003118 0.00009083
10 0.004625 0.0002183 0.00006591 0.004592 0.0002348 0.00007808
11 0.007004 0.0002892 0.00007694 0.007038 0.0002687 0.00006631
12 0.004706 0.0001697 0.00004015 0.004711 0.0001669 0.00003807
13 0.007153 0.0001915 0.00003545 0.007154 0.0001905 0.00003566
14 0.01350 0.0001368 0.00001119 0.01348 0.0001494 0.00001550
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Comparison of Regional Breeding
Ratioc Contributions

Inner Core

Outer Core

Axial Blanket

Radial Blanket

TOTAL

REBUS SYNBURN
0.35296 0.34826
0.17583 0.17043
0.19871 0.19595
0.36127 0.37220

1.08877 1.08684
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Simplified R-Z Reactor Model for SYNBURN and REBUS.
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Table IX summarizes results from a second REBUS run where region-
dependent cross-sections were used, the core was divided axially and many
more nuclear reactions were taken into account than could be handled by
SYNBURN and the treatment of different individual and grouped fission products.
Fig. 4 depicts the geometry of this case. Since the region configuration was
different, individual regions could not be compared and so only core and
blanket zones appear. The run time was 58 minutes. In this REBUS run,
241py B—-decay was included whereas in the SYNBURN run and the previous REBUS
run, it was not. When a new SYNBURN case was done with 241Py B-decay inclu-
ded, the breeding ratio from SYNBURN dropped to 1.06592 with regional con-
tributions as follows: inner core 0.3385; outer core 0.1586, axial blanket
0.1960; and radial blanket 0.3728. The comparison is reasonably good for
core and blanket average values but the agreement is not so good for details
especially in the blankets. However, the comparison provides some justifi-
cation for using SYNBURN and other synthesis codes for computations, such as
parametric studies, where great accuracy may not be required.

VII. DESCRIPTION OF OUTPUT

Values for the following are printed out at each time point for all
radial problems and slab calculations.

il K-effective

2, Normalized region-averaged flux for each group

3l Normalized region-averaged one-group flux

4. Active isotope atom densities for each material-stage

5. Region averaged atom densities, including inactive isotopes

and control

6. Median energies in core regions within the calculational channel
for source, absorption and flux

7/ Regional power increments for all time points (printed only
at the first time step in the radial calculation)

8. Flux integrals for each region in each group j in the
direction of calculation

in slab geometry: f¢j(z)dz
in cylindrical geometry: 2ﬂfr¢j(r)dr
in spherical geometry: 4 f r2¢j(r)dr
9. Effective buckling in direction of calculation for each

region and group calculated from
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TABLE IX. REBUS Results With Altered Geometry, etc.

235y 238y 239y, 240p, 241py, 242py

Core Charge Masses

Inner Core 6.6 953.4 168.3 48.0 25.3 6.0
Outer Core 4.9 706 .4 203.3 58.0 30.5 7.2
Reactor Loading B.O.C.
Inner Core 15.1 2748.4 469.9 158.2 60.0 19.7
Outer Core 12732 2064.3 554.8 183.3 76 .6 23.1
Axial Blanket 8.6 4948.9 120.2 7.5 (074 -
Radial Blanket 30.8 16055.8 236.3 8.3 0.1 -
Reactor Loading E.O.C.
Inner Core 11.2 2639.8 438.4 170.4 47.6 21.0
Outer Core 10.1 2010.4 505.0 191.0 64.1 2402
Axial Blanket 7.7 4887.3 161.9 11.9 0.5 -
Radial Blanket 29.1 15943.2 322.9 13.3 0.3 -
Power Fractions
B.0.C E.O.C.
Inner Core 0.50926 0.47237
Outer Core 0.37416 0.37409
Axial Blanket 0.04869 0.06419
Radial Blanket 0.06790 0.08936

Inner Core
Quter Core
Axial Blanket
Radial Blanket

TOTAL

Regional Breeding Ratio Contribution

0.33740
0.16834
0.19164
0.34835

1.04572
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Sv%94(8) dg

= (where £ is the spatial index)

f¢j(€) dg

Transverse bucklings by region and group
Outer radius of each region

Volume of each region in liters

Fission source / k-effective for each region

Conversion ratio for each region defined by

fertile captures in region
fissile absorptions in regian

Leakage into each region

Leakage out of each region

Peak fission density for each region
Average fission density for each region

Power increment factor for each region (printed in radial
problem only)

Fraction of total reactor power in each region

Ratio of fissile plutonium concentration to total fuel
concentration for each region

Ratio of total plutonium concentration to total fuel
concentration for each region

Reaction integrals in the direction of calculation
normalized to 100 fissions in the reactor for each
isotope and each region. These are the macroscopic
capture fission and nu sigma fission cross-sections,

each of which is multiplied by (8) and summed over groups

Pointwise power densities in watts/cc

Masses for region-averaged composition for each isotope
and region

Masses for each active isotope in each material-stage

Masses for each isotope summed over all regions
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28. Sum of fissile mass in non-core regions

29. Sum of heavy atom mass in non-core region

30. Sum of fission product mass in non-core regions
31. Sum of fissile mass in core regions

32. Sum of heavy atom mass in core regions

33. Sum of fission product mass in core regions

The following are given for each time step:

1. Fractional burnup and burnup in MWD/MT over the step
and fractional burnup from the start of the cycle for
each material-stage

2, Conversion ratios for each material-stage, region, and
for the core as averages over the time step

Sl Change in total mass of specified isotopes summed in each
region over the step

After the last time step of the last slab or radial problem, breeding
ratios for each time step and for the cycle are given as well as the regional
numerator and denominator components and the components for the time steps and
for the entire cycle for each region.

After the last time point of the last calculation, core, radial blanket
and axial blanket charge and discharge fraction masses are printed out.

In a problem utilizing the startup option, the output for each cycle
during startup is the same as the output for an equilibrium problem.

VIII. INPUT DATA SPECIFICATIONS

A. Title Card: One Card; 80 columns of BCD data.

B. Isotope List: This card lists up to 20 isotopes whose cross
sections are to be read into core storage. The format is 20I3.

C. Active Isotope List: On this card, the user specifies two pieces of
information for each active isotope (and only for those isotopes used in the
program) in a specific order. The first number is an integer N in the range:
-3 < N < +3. The sign indicates what role is to be played in the enrichment
Seé;ch E& the isotope. A negative sign denotes a fuel isotope (e.g., the
plutonium isotopes). A plus sign denotes a diluent isotope (e.g., 238U and
235(7) . Each of these two blocks of isotopes will be held in constant ratio
when varied in an enrichment search. In the code, enrichment is defined as

the sum of the isotopes flagged with a minus sign over the sum of the isotopes
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flagged with either a plus or a minus sign. A plus or minus two indicates a
fissile isotope in the breeding ratio computation, and a plus or minus Oneé
indicates a fertile isotope. A zero is used for fission products and the
burnable poison. A plus or minus three indicates that the isotope is to play

no role in the breeding ratio calculation. The second number is the cross
section set isotope number for the particular active isotope. The burn matrix
handles twelve isotopes in the following order: 238y, 239py, 240py,2H4lpy, 242py,
232Th, 233y, 234y, 235y, 236y, fission product pairs, burnable poison. The

user must specify the above two pieces of data for each of the above active
isotopes whose cross sections have been read into core and only these; and

they must be specified in the above order as follows: use one 13 field for

each of the two pieces of data (the card format is 24I3) for each active iso-
tope, and leave blank the spaces corresponding to the unused isotopes in between.
It should be clear that the card has twelve sets of two I3 fields apiece and
that each of these sets corresponds, in order, to each of the twelve isotopes
above. In the first I3 field, the user specifies the integer flag. In the
second, the number of the active isotope is specified.

D. Set of Fixed Point Data: The user specifies individual elements in a
singly indexed array. He specifies from one to ten consecutive data elements
in the array on each card, and he uses as many cards as necessary. The format
of each card is: (I2, I2, I8, 10I6). The number of consecutive array elements
to be given on the card goes in the first I2 field; this is an integer from
one to ten. In the second I2 field, the user sets zero or blank if the card
is not the last card in the fixed point data set, and one if it is. In the I8
field is specified the address in the array of the first of the array elements
on the card. The address for each data element is given below. The 10 I6 '
fields are for the array elements. The fixed point data array is entirely
zeroed at the beginning of the program, and therefore any element which is to
be set to zero may be ignored. An explanation of each address in the array
(call it L) follows:

L1: Number of time steps.

L2 Number of materials in a radial problem for the synthesis
solution, or the number of materials for the geometry specified
in a 1-D solution. If it is not set, L2 is set equal to L3.

L3: Exactly the same as L2, but for the number of regions. This
must be set.

L4: Number of regions in axial geometry for a synthesis solution.

L5 Unused.

L6: Number of regions in which control search is carried out, if any.
L7: Set to one for a synthesis problem, to zero for a 1-D problem.
L8: Inner boundary condition for radial geometry in a synthesis

problem or for the geometry specified in a 1-D problem. Option
2 applies only to a 1-D run.
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L16:

L17:

L18:

L19:
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0: grad ¢j =0
1: . =0
¢J
2z ¢j i mi grad ¢j = 0 (enter ; values later)
4:  same as 2, only mi is calculated by the code

Same as above for the outer boundary.

ILS grad ¢j =0
238 ¢j + wg grad ¢j = 0 (enter wj values later)
4: same as 2, only wﬁ is calculated by the code

Inner boundary condition for all the slab problems in a synthesis
problem; the options are the same as in L8.

Outer boundary condition for all the slab problems in a synthesis
problem; the options are the same as in L9.

Geometry specifications for a one-dimensional problem: 1 for a
slab; 2 for a cylinder; 3 for a sphere.

Limit on the number of flux solution iterations; if not set,
it will be sixty.

Limit on the number of enrichment and control search iterations;
if not set, it will be fifteen.

Set to zero for the analytic solution of the burn equations and
to one for the series solution where the analytic is used for the
remainder of the region only and to two for the series solution

. where the analytic is used for the remainder of the problem and

to three if the series solution is to continue to convergence.

Set to zero if there is no material shuffling (none is allowed

in a synthesis problem in radial regions where a slab calculation
is to be done; it is up to the user to be certain his input
specifications are consistent) and set to one if there is.

Set to zero if no power peak matching is to be done and set
non-zero if there is.

Set to zero if the input cycle time is to be adjusted; set to
one if the input time is not to be adjusted.

Set to one if an unpoisoned k-effective at beginning-of-life
is to be searched for such that there is a k-effective of one
at the end of the cycle with no control in the system.



L20-39:

L40-59:

L60-79:

L80-99:

1.100:

L101:

L102:

L103:

L104:

L105:
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L3 numbers giving the number of mesh intervals in each radial

region in a synthesis problem or in the geometry gspecified in

a 1-D problem. Start with the inner region for a cylinder and
with the bottom on a slab.

L4 numbers giving the number of intervals in each axial region
for a synthesis problem; start with the bottommost region.

L3 numbers indicating the role that each region is to play in

an enrichment search; for the radial regions in a synthesis problem
or for the geometry specified in a 1-D problem. Set the number for
the region non-zero if it is a core region with active isotopes
(e.g., as opposed to a control zone). Set to one if the region is
the first zone in an enrichment zone and set to two if not. The
latter requirement is for the peak power matching option.

L4 numbers describing each slab region in a synthesis problem (this
applies to all the slab calculations). Start with the bottommost
region. Set to one if the region is the core zone or, in a radial
blanket calculation, if it is that zone adjacent to the core which
is included in the radial calculation. Set to two if this region
is to receive the maximum amount of control which the region des-
cribed previously contained during the radial calculation (i.e., the
upper axial blanket zones). Set to three if the bucklings for each
group in this region are to be set to zero (this option is available
only for the reflector zones, and it excludes the previous option).
Set to zero if nonme of the above conditions applies to the region.

Maximum number of downscatter groups in cross section set.

Set non-zero if transverse bucklings are input for the first radial
problem in a synthesis problem or for the geometry specified in a
1-D problem. These bucklings are for each region, group, and time
point (i.e., if there are N time points, there are N - 1 time steps).
These values will be read in after the material data below.

In a synthesis problem, set this non-zero if the code is to punch
axial bucklings for each time point, group, and radial region. This
will be done for each set of slab calculations, so the user must
select the ones for the last set.

For the first radial problem in a synthesis run or in the geometry
specified in a 1-D run, set non-zero if transverse bucklings for each
time point and region, but not each group, are to be read in. These
will begin with A60.

Set non-zero if group-dependent but time- and region-independent
transverse bucklings are read in starting at A60. This is for the
first radial problem in a synthesis run or for the geometry specified
in a 1-D run.

Set non-zero if region-dependent but time- and group-independent
transverse heights or radii are read in starting at A60. This is
for the first radial problem in a synthesis run or for the geometry
specified in a 1-D run.



L106:

L107:

L108:

L109:

L110:

L111:

L112:

L113:

L120-139:

L140-159:

L160-171:
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Set equal to the maximum number of times a set of slab calculations
is to be done after the radial problem; if it is to be done after
all radial calculations, merely set to some large number, such as
ten or fifteen.

Set non-zero if transverse bucklings are to be read in that are
group— and region-dependent but not time-dependent. This is for
the first radial problem in a synthesis run or for the geometry
specified in a 1-D run. These are entered at A60.

Set non-zero if power increment factors are input for each region
and time point. This is for the first radial problem in a synthesis
run. These will begin at A580.

Set non-zero if group- and time-independent transverse bucklings
are specified for the slab problems.

Set non-zero if the user wants atom densities and fluxes printed

out for each set of radial and axial problems run; these will be
printed out for each time point. If left at zero, only the complete
edits for the last radial and axial problems will be printed.

Set non-zero if the startup option is to be used. Set to one 1f the
full amount of control from the equilibrium cycle calculation 1s to

be used. Set to two if the control at each time point in the cycle

is to be altered as described in Al4.

Set to zero if the radial blanket is to be loaded with enough 235U
to produce the same average power as at the beginning of life equil-
ibrium. This average amount of 235U will be loaded into all stages
for the initial loading. Set to N if the radial blanket is not to
be reloaded until the Nth cycle.

This is the number of cycles during which the equilibrium control is
multiplied by exactly Al4 at each time point. After the L113th
cycle, the factor is changed as is described in Al4. If the Al4
factor is not used, set to zero.

Enter L3 numbers here for a snythesis problem. If the user wants a
slab calculation for a particular radial region, set the data element
corresponding to this region to zero. If a slab problem is not to be
done (as for a reflector), set to one. Begin with the innermost
radial region.

Enter the numbers of the radial materials consecutively in ascending
order here over which the discharge burnup is to be averaged.

Twelve numbers, for each of the active isotopes (in the same order as
on the active isotope list), are entered here. Set non-zero if it is
desired to include this isotope in a group (e.g., the plutonium iso-
topes) such that the total mass of this group is calculated for each
time step and for each region.
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E. Set of Floating Point Data: Again the user specifies elements in a

He can specify from one to five consecutive elements in
The format of

singly indexed array.
the array on each card, and he uses as many cards as necessary.
each card is: (I2, I2, 18, 5E12.5). The fields perform the same function as
with the fixed point data. The floating point array (call it A) is again

entirely zeroed before any data are read in. An explanation for each element

of the array follows:

Al: Convergence limit for the flux ﬁolution; i.e., the criterion for
i ' - is k-effecti
conVergence'ls thét (kz _ kl )/kzl <Al where k 2 is effective
on the 2th iteration.

A2: Convergence limit on enrichment and control searches; i.e., condition
for convergence is that Ikeff = l] < A2.

A3: Convergence limit on the fractional discharge burnup averaged over
the specified materials. The condition for convergence is that the
absolute value of the difference between the required fractional
burnup and the burnup obtained is less than A3.

A4: Convergence limit on the final control in the system. If the final
control atom density is less than twice A4 times the initial control
guess but greater than zero, then the convergence is satisfied.

A5: The average fractional burnup required in the materials specified.

Ab6: Initial guess for the equilibrium cycle time or the specified
cycle time when no adjustment is to be made.

A7: Total reactor power in watts.

A8: Full core height for a two-geometry run or a 1-D radial run.
This must also be the radial blanket height.

A9: Convergence criterion on k-effective in initialization procedure for
slab calculations at beginning-of-cycle. As soon as the difference
between the k-effectives in any two consecutive calculations during
the iterative process is less than this number, the iteration ceases.
This criterion applies to the slab problems in the startup option

as well.

AlO: Source extrapolation factor; if not set, it will be 0.2.

All: Physical radius of core in a one-dimensional slab problem.

Al2: The convergence criterion for the series solution of the burn equations.

Al3: Inner radius of the reactor in a 1-D cylinder run or for the cylinder
in a two-geometry run or the lower physical dimension of a 1-D slab
problem.

Al4: If L111 is 2, the equilibrium control will vary at each time point

as follows: for the first L113 cycles, the control fraction will be
multiplied by Al4; for the L113 + Nth cycle the control will be
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multiplied by (Al4 - 1.) x (M - N)/M + 1, where M is the number of
stages in the core materials; this is until the L113 + Mth cycle
and from here on the equilibrium control is used.

Al5: 241py decay constant.

A20-39: The outer radii of each slab region (all slab problems must share
these radii), starting with the bottommost, for a two-geometry
problem.

A40-59: The outer radii of each radial region (starting with the innermost)

for a 1-D cylinder problem or for a two-geometry run, the radii for
the radial problem. In a 1-D sphere or slab problem, these are the
outer radii for each region starting with the innermost or bottommost.

A60-579: If L103 # 0, enter a transverse buckling value for each region and
time point as follows: enter the value for region I and time point
J in location A(L), where L = (I - 1) * N+ J + 59 and N = number
of time steps plus one.

If L104 # 0, enter a buckling value for each group starting with A60.

If L105 # 0, enter a height or radius for each region starting with
A60.

If L107 # 0, enter buckling values for each region and group as
follows: enter the value for region I and group J in location A(L),
where L = (J -1) *« 20 + I + 59.

If none of the above indicators are set, enter one height or radius
in A60.

A580-719: If L108 # 0, then enter values for the power increment factors for
each region and time point as follows: enter the value for region
I and time point J in A(L), where L = (J -1) + 20 + 579 + I.

If only region-dependent values are entered, place them in the first
M locations beginning with the innermost region at A580, where M is
the number of regions.

If one value is used for all regions and time points, enter it at
A580.

If no value is entered, all values will be one.

A720: In a two-geometry problem, this is the lower radius of the slabs.
It is initially set to zero in the code.

I
N

A820-845: Outer boundary extrapolation lengths if L9

Il
N

A846-871: Inner boundary extrapolation lengths if L8

A872-891: Buckling values as described in I.

A892-911: Atomic mass for each isotope in ascending order of isotope number.
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Specification of control distributions: L6 sets of data will be specified

here (where L6 > 0). Each set starts with a card on which the user
specifies the region number (in radial geometry, of course, because this
is where the search is done) in which the control for this set resides,
and the number of isotopes of both poison and diluent whose atom densities
will be specified on succeeding cards. The format of the first card is:
216. Place the region number in the first field and the number of iso-
topes in the second. Next use as many cards as are necessary to specify
poison and diluent atom densities in the specified region. The card
format is: 3(I6, 6X, E12.5). Therefore, the user specifies a maximum of
three atom densities per card. For each density, specify the isotope's
number in the 16 field and its density in the E field. The control
density input is merely an initial guess for the first control search and
therefore the absolute amount of the control is less important although
it should be within bounds. But the relative amounts of poison and dil-
uent and the ratios of the control among the regions are the important
things specified in these densities. If the isotope is a poison, then
use the normal cross-section tape number, and if it is a diluent, use the
negative of the tape number for the isotope. The code varies the control
atom densities on the assumption that the atom density of the poison
corresponds to the same volume fraction as the density of the diluent.
During the control search, the ratios of the control densities in one
region to that in another are held constant as specified in the input
numbers .

Material atom densities: The user next specifies the active and inactive
atom densities for the first stage of each material. First one card
(Format 16) with the total number of materials to be read in. For each
material specified, a set of data in the following form is necessary.

The first card in the set has the format (3X, I3, I6, E12.6, 6A8). In

the first I3 field, specify the number of stages in the material (maximum
of ten). In the I6 field, specify the number of isotopes to be read in

on succeeding cards. If L16 is zero, enter nothing in the E field; if

L16 is one, enter the subassembly volume for the material stages (this is
not a single subassembly volume, but the total volume that is taken by all
the subassemblies of one stage of this material). Next are 48 columns of
BCD material identifier information. If L16 is one, the second card in
the set consists of the region number of residence for each stage of the
material. The card format is: 10I3. For each stage, in ascending order
starting with the first, specify the region in which this stage resides.
If L16 is zero, omit this card. Next, use as many cards as are necessary
to specify the atom densities for the first stage of this material. Place
a maximum of three on each card with the same format as for the control
densities above. For each isotope, of course, the cross-section set number
and the density will be specified as it was for the poison. The above
specifies the complete set of data for each material. The materials here
will be numbered in ascending order as they are read in. The user speci-
fies a ratio of enrichments among materials in the first stage, and this
is held constant in the enrichment searches
option is selected.

unless the peak power matching

Material-region identification: Input an array on L4 cards, each card
with L2 numbers on it (format 20I3). 1In the first card give the materials
in the bottommost axial tier starting with the inner radial region and
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proceeding outwards. On the next card give the materials in the second
to lowest axial tier going radially outward and so on up to L4 cards,
L4 being the number of axial regioms.

Region-, time—-, and group-dependent axial or transverse bucklings:

If L101 is one, enter these values in the following manner. The user
provides buckling values for each group for the first region and the
first time point, then J values (J = number of groups) for the first
region and the second time point and so on for all the time points.
Then begin with the second region and the first time point and proceed
in this manner for all regions and time points. For each region and
time, J bucklings are specified with a maximum of six to a card (format:
6E12.5) and when the last group has been specified, skip to the next card.
For example, if there are four regions and three time points and twenty-
two groups, there will be 48 cards, and not 44. With each set of group-
dependent bucklings, the first 18 will go on the first three cards and
then the next four on a fourth card. This option will probably only be
used when one is using the bucklings punched from a previous problem.

Group— and time-independent bucklings for slab problems: The user may
specify that group- and time-independent radial bucklings be used for a
region in a particular slab problem. If this option is to be used, set
L109 # 0. Next enter the buckling value for a particular slab corres-
ponding to radial region R in A(871 + R). There can be only one radial
buckling for a particular slab problem, although for the different slabs,
different bucklings are allowed. The user then has three options to
specify the radial bucklings for a given slab. He may elect to use the
bucklings calculated in the core and radial blanket for any of the regions
in the slab problems. For the axial reflector, he may set the radial
bucklings to zero. And if he wishes to specify a buckling that is group-
and time-independent but non-zero, he may use this option. Besides the
specifications in the fixed and floating point data as described above,
if L109 # 0, the user here specifies in which regions he wants to use
this option. One card is required for each of the L4 slab regions start-
ing at the bottom. On each card (format: 20I3), specify L3 numbers
corresponding to each of the radial regions. Set the number to one if
the buckling value for this radial region (as specified above) is to be
used and to zero if the core bucklings or zero bucklings are used.

Breeding ratio area definition: Read L4 cards, each card with L2 num-
bers on it (format 20I3). Use this L4 by L2 array, which represents all
regions to define "areas'" over which conversion ratios are averaged.

Enter a "1" if it is an inner core zone, "2" for outer core, "4'" for
axial blanket and '"5" for radial blanket. Enter "0" for all other regions
(e.g., reflector regions and control zones).

The startup option: This input follows the set of normal input for an
equilibrium calculation. The user must input a complete set of enrich-
ments and isotopic distributions for each cycle of startup. However,

when the input to two or more cycles is identical, then only one data set
is required and it is sufficient to indicate that this set is repeated.
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First Card: (format 21I3) in first I-field, the number of sets of data;
in the next N fields are the data set numbers for each of the N cycles

of startup. For example, assume that there are 3 different data sets and
that the third set is used in the Mth cycle; then the Mth number in the
array will be three.

Second Card: (format 12I3) flags (-1, 0, or 1), the same as in the third
card of the equilibrium calculation data to indicate the type of fuel.
Enrichment will be defined as the sum of the "minus" isotopes over the
total.

For each data set:
s Radial Problem

a. Enrichments for each radial tegion (means of inputting starting
guesses for enrichments as well as for ratios of enrichments
between zones) format - 6E12.5; use as many cards as necessary.

b. Isotopic distributions for fuels and non-fuels; 2 cards per
region - On first card the distribution for up to 4 fuel
(flagged with a minus one) isotopes; on the second the distri-
bution for up to 4 non-fuel isotopes. Format for both is 4E12.5.

2 Slab Problems: 1 set as follows for each slab problem.
a. Enrichments for each axial region; same format as in l.a.
b. Isotopic distribution for fuel and non-fuel isotopes

specified for each region as in 2.a.

v

Last Card: flags defining a different fuel (if any) and if it is
the same then a repetition of card 2.

Sample Problem for SYNBURN Equilibrium Calculation:

The following set of data is for a modular reactor. The burn is done in two

time steps. There are four radial regions in the synthesis problem and, since
the slab problems are done symmetrically, there are three slab regions. There
are two regions in which control resides. There will be control in the axial
blanket, and there is no transverse leakage in the axial blanket. There is no
slab problem done, of course, in the reflector zone. The power peak matching
routine is used. There are five downscatters in the cross section set. There
are two sets of slab calculations done besides the edit. The burnup is to be
averaged over the two core materials. There is a single extrapolated height

for the first radial problem. Isotopes 5 and 1 are the poison and isotope 6
is a diluent.



COMPUTER

INPUT DATA FORM

COST CODE
PROGRAM PROBLEM ORIGIN ATOR DATE PAGE oF

1 2 3 4 5 6 7 8
1234567890123 4567890123 4567890123 4567890123 4567890123 4567890123 4567890123 45678590
RN SEame . RepB PR (0 0 50000 0 U U0 0 (00 A 0 o 0 0 O ) e 0 | D N
111111611513‘11711 lililli 11311104 LL_éllil7 lilgllilq 120111 J 0 (S ) [ J 1) 0 B | J R T o EEY | L T | Y ) R () 1
b A0 =2 4 -4 4 2 43 e o b e en o U @ Al e e i@l s R
oo M2 1 AR, ETEEE. IR T ERE Tl EERNEE A SRR RL (800 S0 Mmoo 0, o,
ZILI llllﬁlll‘zl llill]l] J S ES T 1) J ) Y T {1 | L4111 { OV SR [ ST ) (Y A A L) U i ) () ¥ (O Nl S
lillllllllillllllil N Y Y Y Iy I | 3 LS5 1 (O (N I L A (L | S (e O [y 1 1 ) I 1 O ) B Iy Ry
4o Y- FENEY, . SREENI FENEN IR SRR EN FENNEE RN R FRENaEe
Bl | oy S 0 00 /1~ 0 O UB TN O TR P O T S 0 0 I 0 () (O 00 0 0 0 10 O 1 1 151 1
B ko 0 5 1) 0 O 51 0 0 A T [
KRR EWERT - FEWEN 7. L0 0 5 0 -, 0 U 0 AT 1 10 0 0 A (54 0 1) 7 T 0 T 16 < e o 0 10 00 O 0 10
111||1|||1.2|3:111111 TAEET L 0 ey 0 L O o 01 4 0 G 0 o 5 0 0 ) i ) 50 5 878 0 7 i O
Ao lbhodad 2 e e | T e e e e S R T R
204 Aol A LA < |07y W 1 140 U 57 L0 0 S0 0 551 o ] 9 9 L () 4 58 00 8 (51 g 1 o 80
11||||||||11||.10100|0|1||1|1|1.100|i|||||||l,1001111||11111,1'24||t||||.10|;|‘fn|| o
Y B a2 b 26 PR 9B e ILJllllllllllll T 1 L 1
L EETEL R R VR TN AR ENE SNEENI SR RN NS SRS TN SR INEE e Iy
13”11:1;7-1011”%-191’”111115’1542(4111||||i|7|-1p7141| LT 0 0 A ] T 15 0
A R ) d9 o bl T o dee 4 ) 238..29 o A 0 91 ] 1 0 1) 00 1 o
_,iL.‘_LJd¢._JJQQ.|||i3ﬁo1231|111||1|1LL1|IJJ||||| fodl o S O S e L T |
LgllllIIIS&OJIL(IL.Q?IIII 11111.]1-011!11111111-@1111111111411411111: T e

1234567890123456789012345678901234567839

I0123 456789:0123456789!0123456789

0123 4567890

R 2

13

+

Jl

5

6

7

T
|8

Sy


file:///0
file://0/l

COMPUTER INPUT DATA FORM

COST CODE

PROGRAM PROBL EM ORIGIN ATOR DATE PAGE oF
1 2 3 4 5 l6 7 Is

1234567890123 4567890123 4567890123 4567890123 45¢789/0123 45678910123 456759012345678910

lgl | || Xﬂd | 1112 S| S | ) 11 Ijlol’ {2 [ L) LI e ]23'1 I i li' a'l ALl | S| R | LA b e S ) 1 R B B B |
lgl 111 1 lflqlﬂ J ) 1 Io'l ) I L1 11 0 L0 8 e 1111 la 4‘11'1 || HESE | Ryﬂl'l 11 | 35‘1 11 NS B e ey u |
15 lil | 1 lqlojd (el Rglg‘l (| L 12L3 91'I 111 g b?d AL 1 111 55'] 111 JE 23161‘1 11 S S SV

1lllllllelllllllllll [ 1 T I 1 | O ) M ) e L T ) L e e ) ) L I ) () L ) R ) B (0 U

1111151111111J1-100111L11 111:1411141 1111'100101216||14111111111 111:101604&11 e e

lllllalllljglllll /I W B | S L e | S 08 (Y] ) S S o | | O | L] S T NI BT | | B P et R
111|r5|||11_111L.|0Q1111|| il i 0002860 0 Al b1 L 000275
T Tl O iy e O T oy e e Ao v i ] e | ol S 191 S N B
11|1L311Ilﬁlllll_LJ_,I,,J,JJ_,,J_JLliiﬁM_“LMMA‘rEl&IIAILI S| T A O IOy S S e
ol b ol 29838 0 Wl L 008190760 0 i 2d ) L0038402 )
o dA 0000538 43 ) 000478 ) A9 100029 (}
||1|ig||1|1 |1|L¢0,JQ,0,I_‘|’21113| b BT L007538 @ oo bl i LOQOIO227 | g
PEEN RN SEREEE RN llLl@UT#IIMMéglIAILl IS i e

=

—

] RN NN EE
1L ’;ﬁlllln L1 1210000 201at a2l b iaodeese  J oo 480 0042340
11||i|q L1l 111,|0|001"/|414131 a3 b 0e0hieas oo dd b Looolofof b
R L 008905 L G Le0d29838 L 200000 |u|00173|8|1|2|| e

111||-314_1||5I|11||111||1|1|RIADMLJBJL¢AN|KAEITHLH [ | S A A
D) 001003132 Coa AT b eoddloARE T L 102 iﬁlilqll L iy
Lt e l,J_l_J_Ll_I.DJ_OJSﬁIﬂIL_lL,L_LIIIQQOI|lll .Y NN FEEERE SRS SRR RN FWEERE
llilliljlllqillllllllllIllMlilA!:]_ldéFnglaﬂMlll LUV T T 0 Ve i U b o 1 1 1 v L o e W

9%

123456789;0123456789"0123456789,0123456789012345678[012345678910123455789!0123 4567890

! 2 13 i‘ 5 6 17 ‘g

I I L




COMPUTER INPUT DATA FORM

COST CODE
PROGRAM PROBLEM ORIGIN ATOR DATE PAGE OF
1 12 3 4 s l6 7 8
1234567890123 4567890123 4567890123 4567890123456739]0123 4567890123 4567890123 45¢78090

Ll Lt b 1.00 2 (I 1.,1010.71.»24”' 11|112111|| 111‘1&43&05';. ey A T (e 1
o Y R RV RS R S (AR e (S S SR L
1111L34||151111|11|||1||1AXM1N1k15n1111 Ll

A ) 0000i26T) ||1|L7|1111 11;10018?191%11 I 11.10101ﬁ11[1|311 Lty
UL ) [T, O i N ST { IR BN 1T-1t k. ¢ 1= VR | MRRIRI (SR MR
llll;lllllljl!llLlAlIALllA'FlL'Efc1¢£Illlllllllllll Y Y O O i S B T ] S Sy |

|
ISt | %l [ Sy el |.10|1¢ BHRI It I.llm;mil | {0 | Ne gt eI TES Byl B W e e [
llill II31 I | Y | ] | 0 e | [ | ) B I I | I | [T G| Sy S e ] | I [ S a ] )

s
19
(«
=

0 0 (G 0 A | 1 | A S 6 (5 {1 50 () U L [ S 0 G ) O

T A 0 00500 0 T AT A O T T O

0.0 O (o (0 ) L 0 o 0 O e 8 i R i B [}
1234567890123 456789012345678901234567890123 45

1 ) ) S JO ) ]
67890123 4567890123 45¢€7890123 4567890

t I3 4 i I
l] 2 i i 5 '3 i7 ‘18

i

Ly




48

Sample Problem for Startup Option:

There are 2 sets of data, the first of which applies to the first cycle, and
the second of which applies to all subsequent cycles. The fuel is plutonium.
The enrichments in the inner and outer core zones are 17 and 27 per cent
respectively. There are 5 radial zones and 3 axial zonmes. The plutonium
distribution in the core is 60:24:12:4 for the first cycle and 66:27:5:2 in
the second. No 235U is considered in the depleted uranium in the core in the
R.B. loading in the second cycle. The inner R.B. is 1.6% 235U and the outer
R.B. is 1.9% in the first cycle.
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SYNBURN DICTIONARY

A(Ll) ESP1 Epsilon on flux solution.

A(2) ESP2 Epsilon for control and enrichment searches.

A(3) EUEPS Epsilon for burnup.

A(4) PEPS Epsilon on final control in system.

A(5) BULIM Avg. discharge burnup required.

A(6) TBURN Current burn cycle time.

A(7) POWR Total reactor power.

A(8) HITE Core height.

A(9) ESP3 Convergence criterion for slab problems.

A(10) THETA Source extrapolation in FLUX.

A(11) RTRANS Physical radius for slab.

A(12) BEPS Epsilon for series solution of burn

equations. equations.

A(13) RA1 Lower radius of a slab.

A(14) SPSN Control multiplier for startup optionm.

A(15) Al5 24lpy decay constant.

A(16) Al6 Unused .

A(17) Al7 Unused.

A(18) Al8 Unused.

A(19) Al9 Unused.

A(20)>A(39) ROUT (20) Outer radius of each region.

A(40)~>A(59) ROUTA (20) Outer radius of each region in opposite
geométry for a synthesis problem.

A(60)~>(579) BUCK2(20, 26) Region- and group- dependent transverse
buckling.

A(580)~>A(719) PFAC(20,7) Power increment factors for each region
and time.

A(720)~>A(819) R(100), RR1 R is radius at each point; RR1l is first

radius.



A(820)~A (845) OMEG1(26)
A(846)+A(871) OMEGA (26)
A(872)+A(891) B2R(20)

A(892)+A(911) AMASS (20)

DENS ( 20, 10, 20)

ADENS (20,10,12)

DIF(20,26)
VUSIG(20,26)
SIGA(20,26)

AC3(20,26)

AC4(20,26)

AC5(20,26)
AC6(20,26)
FLP(150)
A1(150)
A2(150)

DELTA(150)

TRANS (20,15,26)
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Outer boundary extrapolation lengths.

Inner boundary extrapolation lengths.
Transverse bucklings for slabs.

Atomic mass of isotopes.

Atom densities for active and inactive
isotopes for each material-stage.

(material x stage X nuclide) where nuclides
are in ascending order.

Atom densities for active isotopes for
each material stage. (material x stage x
nuclide) where active nuclides are in
burn matrix ordering.

Macroscopic diffusion coefficient. (region
X group) .

Macroscopic nu sigma fission (region x
group) .

Macroscopic capture plus fission (region x
group) .

Scratch. Used in FLUX for finite difference
coefficients, and several other places.
Used in BUCKL to store B% in direction of
calculation.

Scratch. Used in FLUX for finite difference
coefficients and elsewhere.

Same as AC4(20,26) .

Same as AC4(20,26) .

Finite difference coefficients.

Scratch.

Scratch.

Used in calculating finite difference
coefficients.

Macroscopic downscatter array (reg x scatter
x group) TRANS (I,K,J) is the scattering

to group J from group L+K-1 where L is the
group number of the highest energy group
which can scatter into J (L is the larger

of 1 and NDS).
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SvU(26,20) Microscopic nu sigma fission
(group x nuclide).

GNU(26,20) Number of neutrons per fission
(group x nuclide).

SSA(26,20) Microscopic capture plus fission
(group x nuclide) .

SST(26,20) Microscopic sigma transport (group x nuclide).

STR(26,15,20) Microscopic downscatter array (group x
downscatter x nuclide).

B2JRT (20,26,7) Storage array for radial bucklings for .
slab problems. (Region x group x time point)

B2JZT (20,26,7) Storage array for axial bucklings for radial
problems. (Region x group x time point)

TCAPT(12,20,6) Storage array for A matrix elements-capture.
(isotope x region x time point)

TFISS(12,20,6) Storage array for A matrix elements-fission.
(isotope x region x time point)

DENA (19, 20,20) Storage for stage one atom densities for
slab problems. (axial region x nuclide x
radial region)

ADRO(20,10,12) Atom densities for time zero in startup
option for radial zones (region x stage x
active isotope).

ADZ0(20,10,12) Atom densities for time zero in startup
option for axial zones. (region x stage x
active isotope)

BRAN (20,6, 20) Numerator contribution for breeding ratio
(axial region x time point x radial region) .

BRAD (20,6, 20) Denominator contribution for breeding ratio
(axial region x time point x radial region).

CONCM(20,20) Region averaged atom densities (region x
nuclide) .

PHI (100, 26) Pointwise fluxes (point x group).

SCAP (26,12) Microscopic capture cross-section (group x

nuclide). Where nuclides are in burn
matrix order.

SFIS(26,12) Microscopic fission cross-section (group x
nuclide).



CAPT (12,20)

FLSS(12,20)

URAT (20, 4)

PURAT (20, 4)

BUSUM(20,10)

FLX(20,26)

FNOR(20,7)

PSN (20, 20)
DIL(20,20)

DENR (20,20)

TFLX1(20,6)
SUMX (20,10)

BRRN (6, 20)

BRRD (6,20)

FMID(20,26)

D(150)
BETA (150)
A3(150)
CHI(26)
DELR(20)

SOP (20)
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Collapsed capture cross-section for burn
matrix (nuclide x region).

Collapsed fission cross-section for burn
matrix (nuclide x region).

Fraction of total of "plus'" isotopes in
each of the isotopes in the block
(material x nuclide).

Same as above for '"minus' isotopes.

The sum of the fractional burnup since the
start of the cycle for each material stage
(material x stage).

Region-averaged flux (region x group) .

Flux normalization factor for radial region
X time point.

Poison atom densities (region x nuclide).
Diluent atom densities (region x nuclide).

Storage for stage one atom densities for
radial problem (region x isotope).

One-troup flux (region x time step) .
Scratch.

Accumulator for breeding ratio numerator.
(time step x region)

Accumulator for breeding ratio denominator.
(time step x region)

Mid point fluxes (region x group) in
startup option.

Total source into current group in FLUX.
FLUX calculation coefficients.

Scratch.

Fission spectrum.

Mesh spacing by region.

Guess of fission source for next iteration

at inner interface of each region. Derived
from SOPP by source extrapolation.



SOUP (100)

RI(100)

SOPP (20)

SONME (20)

EIG(3)

XPI(3)

SUBVOL (20)
FLX1(20)
TAU(20)
BCD(10)
ELETHR (26)
SUMUPU(20)

ENRICH (20)

FPPS(20)

BPSN (20)

VOLR (20)

RTR(20)

PTM(7)
G(26)
AA (26)

RL(26)
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Normalized fission source at each space
point at the end of an iteration in FLUX.
RI(I) = R(I)**P
Fission source at inner interface of region
I is stored in SOPP(I-1). This is the
pointwise fission source calculated from
% v2f¢g normalized to an integral of 1.0.
g
Isotope name from XSISO.

Three currently used k-effectives in
enrichment search.

Three currently used enrichment factors in
enrichment search.

Total volume for a stage of a material.
One group average flux for each region.
Regional flux-time.

Problem ident. array.

Upper lethargy limit of each group.

Total fuel atom density for each material.

Sum of "minus" nuclides in stage one
divided by SUMUPU for each material.

Fission product pair concentration in
first stage of each material.

Burnable poison concentration in first
stage of each material.

Volume of each region.

In a synthesis problem, this is the
"physical radius" for each slab in order
to give correct volumes.

Control fraction as a function of time.
Scratch.

Scratch.

Scratch.
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coc(5) Scratch.

COD(5) Scratch.

ABC (5) Scratch.

ABD(5) Scratch.

RBC(5) Scratch.

RBD(5) Scratch.

REC(6) Scratch.

STEN (20) Scratch.

G1P(20) Scratch.

DP (20) Scratch.

E 0. for slabs; 1. for cylinders; 2. for
spheres.

EIGEN Current k-effective of system.

PIM 1. for slabs (2. for reflective slab

problems); 2m for cylinders; 4m for spheres.

W K-1 in CRIT.

Cl15 Control fraction on previous pass in CRIT.

XP1P Current control fraction in CRIT.

WS Used in control search in CRIT.

PDEL Change in the control fraction; used in
PMIXER.

XP1E Current control fraction.

ANORM Flux normalization factor.

Core average fission density calculation

FNORM
in radial problem for flux normalization
in slab.

TIME The time in seconds over which the system
is burned multiplied by 1072%.

BU2 Discharge average burnup.

TBURN1 Previous burn cycle time.
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PLAST Last positive control fraction over cycle.

PTMAX Maximum control fraction over cycle.

SERCHK K-effective required if different than one.

DEDK Rate of change of enrichment with k-effec-
tive.

DPDK Rate of change of control with k-effective.

S0U(100) Source guess for next iteration in FLUX.

Derived from SOUP by source extrapolation.

L(1) NOSTEP No. of time steps.

L(2) MAA No. of materials in opposite geometry for
synthesis.

L(3) MAXL No. of regions in opposite geometry for
synthesis.

L(4) M No. of regiomns.

L(5) MA No. of materials.

L(6) N8 No. of control regions.

L(7) N2D Indicator for synthesis problem if non-zero.

L(8) NIBA Inner bound condition for opposite geometry.

L(9) NOBA Outer bound. cond. for opposite geom.

L(10) NIB Inner bound. cond.

L(11) NOB Outer bound. cond.

L(12) N1 Geometry; = 1 for slab; = 2 for cycle;
= 3 for sphere.

L(13) MICT Maximum no. of iterations in flux solution.

L(14) MICT2 Maximum no. of iterations in control search.

L(15) NOPT Option for solution of burn equations.

L(16) NSHF Option for material shuffling.

L(17) NPOW Peak power adjustment option.

L(18) NTAD Time adjustment option.



L(19)

L(20)~L(39)

L(40)~>L(59)
L(60)~>L(79)
L(80)~L(99)
L(100)

L(101)

L(102)

L(103)

L(104)

L(105)

L(106)

L(107)

L(108)

L(109)

L(110)
L(111)

L(112)

L(113)

L(114)

L(115)

KSR

NINTA(20)

NINT (20)
NCOREA (20)
NCORE (20)
NDS

L75

L76

L77

L78

L79

LSLAB

L81

L82

L83

LPR
LST

L98

NOCYC

L114

L115

61

Set for non critical k-effective search.

No. of mesh points for each region for
opposite geom.

No. of mesh points in each region.
Region identifiers in opposite geom.
Region identifiers.

Max. no. of downscatters.

Switch for region, group, and time depen-
dent transverse B2,

Switch for punching axial bucklings.

Switch for region and time, not group
dependent transverse B2.

Switch for group and time not region
dependent transverse B2,

Switch for region, not time and group
dependent transverse B2,

Max. no. of slab-radial iterations before
edit.

Switch for group and region, not time
dependent transverse B2,

Switch for region and time dependent power
increment factors.

Switch for group and time dependent Bi for
slabs.

Print out option.
Startup option.

Radial blanket fissile loading in startup
option.

No. cycles for control multiplier in
startup option.

Unused .

Unused.



L(116) L116
L(117) L17

L(118) L118
L(119) L119

L(120)-+L(139) 12D(20)

L(140)~>L(159) NB(20)
L(160)~>L(171) ISOLST(12)

LBR

MSREG (20, 10)

MSREG1(20,10)

NSTGA (20, 20)

LB2R(20,20)

LB(20)
NOSTG (20)
ISAC(12)
ISOACT (12)
MATN ( 20)

MR(12)

NSTGR(20)
ID(26)
LAA(26)

NISO
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Unused.
Unused.
Unused.
Unused.

Set non-zero for every rad. reg. where a
slab is done.

Reg. numbers for burnup average.
Set non-zero for specified isotopes.

Switch to tell when to calculate breeding
ratio.

Region of residence for each material
stage (material x stage).

Region of residence for each material
stage (material x stage) for opposite

geometry.

No. of stages for each material in axial
geometry (radial region x axial region).

Indicator to tell where to use input Bi
in slabs.

No. stages in each material.
Fissile-fertile indicator.

Active isotope cross-section tape numbers.
Cross—-section tape isotope numbers.

Index on MATN array for each active
isotope.

No. of stages for each radial material.
Scratch.
Highest group from which scatter occurs.

No. isotopes.
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NOG No.

groups.

N2 NIB+1.

N3 NOB+1.

NM1 N-1

NM2 N-2

MM1 M-1

N No. of mesh points.

NCRIT Transfer indicator in CRIT.

ISERCH Control search status indicator, = 1 in
progress, = 2 failed, = 0 converged.

NSERCH Enrichment search status indicator, = 1 in
progress, = 2 failed, = 0 converged.

IT Switch in burn calculation.

NTM Current time step.

MAXSTG Max. number of stages.

NF Switch in burn matrix calculation.

ISTAR Switch in startup calculation.

M7 Input unit no.

KINO Unused.

IPASS No. of iterations in equilibrium calc. or

cycles in startup.

IRA The radial region index in slab problems.
NSI Switch.
NEDIT Switch to turn on edit.

ICT2 Iteration counter on searches.
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